Glucoregulation during and after intense exercise: effects of alpha-adrenergic blockade.
In intense exercise (>80% maximal oxygen consumption [VO2 max]), the 7- to 8-fold increase in glucose production (Ra) is tightly correlated with the greater than 14-fold increase in plasma norepinephrine (NE) and epinephrine (EPI). To distinguish the relative roles of alpha- and beta-adrenergic receptors, the responses of 12 control (C) lean, healthy, fit young male subjects to 87% VO2 max cycle ergometer exercise were compared with those of 7 subjects (at 83% VO2max) receiving intravenous phentolamine (Ph). The Ph group received a 70-microg/kg bolus and then 7 microg/kg/min from -30 minutes, during exercise and for 60 minutes of recovery. The data were analyzed by comparing exercise responses to exhaustion in Ph subjects (11.4 +/- 0.6 min) with those at both 12 minutes and at exhaustion in C subjects (14.6 +/- 0.3 min) and during recovery. There were no significant differences between groups in the plasma glucose response during exercise, but values were higher in C versus Ph subjects during the first 40 minutes of postexercise "recovery." The Ra response during the first 12 minutes of exercise was not different by repeated-measures ANOVA, reaching 10.6 +/- 1.3 mg/kg/min in C and 9.6 +/- 1.5 in Ph subjects at 12 minutes. However, in C subjects, Ra increased significantly to 14.1 +/- 1.2 mg/kg/min by exhaustion, and remained higher versus Ph subjects until 15 minutes of recovery. The Rd during recovery was not different between groups; thus, the higher Ra in C subjects in early recovery was responsible for the greater hyperglycemia observed in C subjects. Ph subjects showed a more rapid, marked increment (P = .002) in both plasma NE (to 64 v38 nmol/L) and EPI at exhaustion, and catecholamine concentrations remained higher in Ph versus C subjects during recovery. Whereas plasma insulin (IRI) declined in the C group, it increased 3-fold (P = .001) in the Ph group during exercise and until 15 minutes of recovery. Ph had no effect on glucagon (IRG). Thus, the glucagon to insulin ratio decreased in Ph subjects from baseline levels during exercise and early recovery, but increased in C subjects. The increase in Ra among Ph subjects despite the decrease in the glucagon to insulin ratio supports our earlier evidence that these hormones are not principal regulators of the Ra in intense exercise. The shorter time to exhaustion and markedly higher catecholamine levels in Ph subjects limited our ability to isolate the effects of alpha-adrenergic receptors on the Ra.alpha-Adrenergic receptors appear to have little influence on the Rd.